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Introduction {#jah31232-sec-0004}
============

Coronary spasm plays an important role in the pathogenesis of acute and chronic coronary heart diseases.[1](#jah31232-bib-0001){ref-type="ref"}, [2](#jah31232-bib-0002){ref-type="ref"}, [3](#jah31232-bib-0003){ref-type="ref"}, [4](#jah31232-bib-0004){ref-type="ref"}, [5](#jah31232-bib-0005){ref-type="ref"}, [6](#jah31232-bib-0006){ref-type="ref"}, [7](#jah31232-bib-0007){ref-type="ref"}, [8](#jah31232-bib-0008){ref-type="ref"}, [9](#jah31232-bib-0009){ref-type="ref"}, [10](#jah31232-bib-0010){ref-type="ref"} Because coronary vasospastic angina (VSA) can be diagnosed in only ≈20% of the patients who present with spontaneous attack and ischemic electrocardiogram (ECG) changes,[11](#jah31232-bib-0011){ref-type="ref"} the spasm‐provocation test with acetylcholine (ACh) or ergonovine is widely used for the diagnosis of VSA.[12](#jah31232-bib-0012){ref-type="ref"}, [13](#jah31232-bib-0013){ref-type="ref"}, [14](#jah31232-bib-0014){ref-type="ref"}, [15](#jah31232-bib-0015){ref-type="ref"}, [16](#jah31232-bib-0016){ref-type="ref"}, [17](#jah31232-bib-0017){ref-type="ref"}, [18](#jah31232-bib-0018){ref-type="ref"}, [19](#jah31232-bib-0019){ref-type="ref"}, [20](#jah31232-bib-0020){ref-type="ref"} While epicardial coronary spasm can be viewed angiographically during the ACh‐provocation test, the test does not confirm the presence of myocardial ischemia. For this reason, measurement of myocardial lactate production in the coronary circulation is used as supporting diagnostic marker in the evaluation of coronary spasm--induced myocardial ischemia during ACh‐provocation test in the left coronary artery (*for simplicity, this is abbreviated in the text to* "lactate production").

ACh‐induced vasodilatation is thought to be mediated by nitric oxide (NO) released from the endothelium.[21](#jah31232-bib-0021){ref-type="ref"}, [22](#jah31232-bib-0022){ref-type="ref"} In patients with coronary spasm, the basal tone of the coronary arteries is increased, and the hyperreactivity to nitrovasodilators seen in patients with coronary spasm is consistent with decreased endothelial release of NO.[21](#jah31232-bib-0021){ref-type="ref"}, [23](#jah31232-bib-0023){ref-type="ref"} We have reported previously the presence of --786T/C polymorphism in the 5′‐flanking region of the endothelial NO synthase (*eNOS*) gene and highlighted its association with coronary spasm.[24](#jah31232-bib-0024){ref-type="ref"} We argued that *eNOS* gene mutation could reduce endothelial NO synthesis and predispose patients with the mutation to coronary spasm.[24](#jah31232-bib-0024){ref-type="ref"} In another study, we also demonstrated the presence of a low lactate extraction ratio during the ACh‐provocation test in patients with coronary spasm harboring --786T/C polymorphism in the *eNOS* gene.[25](#jah31232-bib-0025){ref-type="ref"} To our knowledge, however, there is no information on the factors that contribute to lactate production (eg, *eNOS* gene polymorphism) in the general population. The purpose of the present study was to investigate the clinical features, predictive factors, and long‐term prognosis of VSA patients with the lactate production.

Methods {#jah31232-sec-0005}
=======

Study Population and ACh‐Provocation Test {#jah31232-sec-0006}
-----------------------------------------

We analyzed retrospectively the angiographic coronary vasomotor response induced by ACh injection in 1877 consecutive patients who had typical and atypical angina‐like chest pain and were admitted to Kumamoto University Hospital between January 1991 and December 2010. Among these, we excluded 117 patients for the following reasons: acute myocardial infarction (n=20), cardiomyopathy (n=75), Brugada syndrome (n=10), and other conditions (n=12). After the exclusion, data for 1760 patients who had undergone selective ACh‐provocation test were analyzed. They included all 712 patients who also consented to genetic screening for *eNOS* gene --786T/C polymorphism.

The risk factors for coronary artery disease were defined as current smoking (smoking within 1 year), hypertension (\>140/90 mm Hg or taking antihypertensive medications), dyslipidemia (high‐density lipoprotein cholesterol \<40 mg/dL, low‐density lipoprotein cholesterol ≥140 mg/dL, or triglycerides ≥150 mg/dL or taking medications for dyslipidemia), diabetes mellitus (symptoms of diabetes plus casual plasma glucose concentration ≥200 mg/dL, fasting plasma glucose concentration ≥126 mg/dL, 2‐hour plasma glucose concentration ≥200 mg/dL during 75 g oral glucose tolerance test, or taking medications for diabetes mellitus), and family history of ischemic heart disease (IHD), including obstructive coronary artery disease, VSA, and myocardial infarction.

The ACh‐provocation test was performed as described previously in "Guidelines for Diagnosis and Treatment of Patients With Vasospastic Angina" by the Japanese Circulation Society.[26](#jah31232-bib-0026){ref-type="ref"} Coronary spasm was defined as total or subtotal obstruction within the borders of one isolated coronary segment as defined by the American Heart Association,[27](#jah31232-bib-0027){ref-type="ref"} or severe diffuse vasoconstriction observed in \>2 adjacent coronary segments of epicardial coronary arteries associated with transient myocardial ischemia, as evidenced by ischemic ST‐segment changes on the ECG. In this study, ischemic ST‐segment changes were defined as ST‐segment elevation (\>0.1 mV), ST‐segment depression (\>0.1 mV) from baseline level occurring at 60 to 80 ms after the J point in ≥2 contiguous leads on the 12‐lead ECG, or appearance of a new negative U‐wave on ECG.

Lactate production was estimated by measuring serum lactate concentrations at the root of the aorta (AR) and coronary sinus (CS), sampled during myocardial ischemia induced by ACh‐provocation (see Figure [1](#jah31232-fig-0001){ref-type="fig"}). The lactate production ratio was calculated by using the following formula: {\[(lactate~AR~−lactate~CS~)/lactate~AR~\]×100%}. The ratio is positive in healthy subjects,[28](#jah31232-bib-0028){ref-type="ref"} while a negative ratio is a definite marker of myocardial ischemia. We usually examine coronary sinus lactate production during the ACh‐provocation test only in the left coronary artery, because the great coronary sinus drains blood from the left coronary system but not from the right.

![ACh‐induced coronary spasm and sampling source for serum lactate at the AR and CS in the coronary circulation. A through C, CAG at RAO35°. D through F, CAG at LAO55° RAO35°. B and E, Injection of 100 μg ACh into the left coronary artery induced diffuse spasm in the entire left coronary artery. ACh indicates acetylcholine; AR, aortic root; CS, coronary sinus; PC, pacing catheter; ISDN, isosorbide dinitrate.](JAH3-4-e002387-g001){#jah31232-fig-0001}

Screening for --786T/C Polymorphism in *eNOS* Gene {#jah31232-sec-0007}
--------------------------------------------------

An allele‐specific oligonucleotide method was used in screening for --786T/C polymorphism in the *eNOS* gene. Hybridization was accomplished with ^32^P‐radiolabeled oligonucleotides corresponding to the probe for either the --786T allele or the --786C allele. Details of the method have been published previously.[24](#jah31232-bib-0024){ref-type="ref"} Briefly, the polymerase chain reaction fragments, 236 bp in length, including the --786T/C polymorphism site, were blotted in duplicate onto nylon membranes. Hybridization was accomplished with ^32^P‐radiolabeled oligonucleotides corresponding to either the --786T sequence (50‐GGG TCA GCC AGC CAG GGAA‐30; probe for the --786T sequence) or the --786C sequence (50‐GGG TCA GCCGGC CAG GGAA‐30; probe for the --786C sequence).

The study protocol was approved by the Human Ethics Review Committee of Kumamoto University, and a signed consent form was obtained from each subject.

Follow‐up Data {#jah31232-sec-0008}
--------------

Follow‐up data were obtained directly from the patients, their families, or their family physicians, in addition to the information available on the medical records. Major adverse cardiac events (MACEs) were assessed by physicians blinded to the medical details available in the medical records. The primary end point was MACEs, defined as cardiac death, hospitalization for acute myocardial infarction, and unstable angina pectoris. The time frame in the survival analysis was defined as time from the date of diagnosis to the date of the first event or until December 2012. The secondary end point was all‐cause mortality. Cardiac death was defined as sudden death or death associated with acute myocardial infarction. Acute myocardial infarction was defined by the presence of prolonged (\>30 minutes) chest pain, associated with ST‐segment changes and elevated cardiac enzyme levels. Unstable angina pectoris represented recurrence or worsening of chest discomfort or pain, associated with ischemic ECG changes.

Statistical Analysis {#jah31232-sec-0009}
--------------------

Data for normally distributed continuous variables were expressed as mean±SD, whereas those with skewed distribution were expressed as median values (IQR). Continuous variables were analyzed by using the unpaired *t* test or Mann--Whitney *U* test, as appropriate. Categorical variables were presented by percentage values, and intergroup comparisons were analyzed by using the χ^2^ test or Fisher\'s exact test as appropriate. Age, sex, and the relationships between the results of ACh‐provocation test and other significant parameters in simple logistic analysis were entered into multivariable logistic regression analysis by using the forced entry method, and the Hosmer--Lemeshow goodness‐of‐fit statistic was calculated to assess model calibration. The Breslow--Day test was carried out to confirm the relationship between lactate production and coronary spasm, after controlling for sex. Survival was analyzed by the Kaplan--Meier survival curve with the log‐rank test. The multivariable Cox hazard regression analysis was carried out for identification of predictors of outcome. Significant variables according to univariate analysis and found to be involved in VSA outcome were subjected to the forced entry method. A *P* value of \<0.05 denoted statistical significance; all tests were 2‐tailed. Statistical analyses were performed by using Statistical Package of the Social Science version 22.0 (SPSS).

Results {#jah31232-sec-0010}
=======

Prevalence of ACh‐Provoked Coronary Spasm {#jah31232-sec-0011}
-----------------------------------------

Figure [2](#jah31232-fig-0002){ref-type="fig"} provides a flow chart of the patient recruitment process. Among the 1877 patients examined between January 1991 and December 2010, data for all 712 consecutive patients (age 63.0±11.0 years) who underwent both myocardial lactate and *eNOS* genetic testing were analyzed. Lactate production and coronary spasm occurred during the provocation test in 252 and 356 patients in the present study, respectively. Patients with (n=252) and without (n=460) lactate production were subdivided according to the presence or absence of coronary spasm. Thus, the 252 patients with lactate production comprised 219 with coronary spasm and 33 with unclassified IHD. The 460 patients without lactate production included 137 with and 323 without coronary spasm (nonspasm group). In other words, ACh‐provocation test induced lactate production in 219 of 356 VSA patients (Figure [2](#jah31232-fig-0002){ref-type="fig"}).

![Flow chart of the study recruitment process. ACh indicates acetylcholine; eNOS, endothelial nitric oxide synthase; IHD, ischemic heart disease.](JAH3-4-e002387-g002){#jah31232-fig-0002}

Clinical Characteristics of the Study Population {#jah31232-sec-0012}
------------------------------------------------

Table [1](#jah31232-tbl-0001){ref-type="table-wrap"} shows the clinical characteristics of 712 patients who underwent both lactate measurement and screening for --786T/C *eNOS* gene polymorphism and the excluded 1048 patients. The frequencies of hypertension and dyslipidemia and the low‐density lipoprotein cholesterol levels were lower and the estimated glomerular filtration rate was higher in the included 712 patients than in the excluded 1048 patients. Table [2](#jah31232-tbl-0002){ref-type="table-wrap"} shows the clinical characteristics of ACh‐positive (including spasm patients with \[n=219\] and without \[n=137\] lactate production, n=356) and ‐negative (including patients with unclassified IHD \[n=33\] and neither spasm \[n=323\] nor lactate production \[n=356\]) patients. Age, dyslipidemia, family history of IHD, comorbidity of coronary epicardial stenosis, lactate production, and *eNOS* --786T/C mutation were significantly higher in the ACh‐positive than in the ACh‐negative group. On the other hand, serum hemoglobin A1c level, triglyceride level, and left ventricular ejection fraction measured with left ventriculography were significantly lower in the ACh‐positive than in the ACh‐negative group.

###### 

Clinical Characteristics of 712 Patients Who Underwent Both Lactate Measurement and Screening for --786T/C *eNOS* Gene Polymorphism and the Excluded 1048 Patients

                                         Patients Included in the Present Study (n=712)   Patients Excluded in the Present Study (n=1048)   *P* Value
  -------------------------------------- ------------------------------------------------ ------------------------------------------------- -----------
  Age (SD), y                            63.0 (10.6)                                      63.1 (11.2)                                       0.957
  Female sex, n (%)                      348 (49)                                         509 (49)                                          0.899
  Body mass index (SD), kg/m^2^          23.7 (3.2)                                       23.7 (3.7)                                        0.795
  Current smoking, n (%)                 348 (49)                                         487 (47)                                          0.330
  Diabetes mellitus, n (%)               147 (21)                                         200 (19)                                          0.448
  Hypertension, n (%)                    264 (37)                                         455 (44)                                          0.007
  Dyslipidemia, n (%)                    272 (38)                                         471 (45)                                          0.004
  Fasting blood glucose \[IQR\], mg/dL   91 \[86--101\]                                   91 \[85--101\]                                    0.515
  Hemoglobin A1c \[IQR\], %              5.9 \[5.6--6.4\]                                 5.9 \[5.6--6.3\]                                  0.323
  LDL cholesterol \[IQR\], mg/dL         110 \[90--133\]                                  114 \[94--137\]                                   0.012
  HDL cholesterol \[IQR\], mg/dL         50 \[42--62\]                                    50 \[40--61\]                                     0.263
  Triglyceride \[IQR\], mg/dL            112 \[81--155\]                                  114 \[82--155\]                                   0.660
  hs‐CRP \[IQR\], mg/dL                  0.06 \[0.05--0.17\]                              0.08 \[0.05--0.24\]                               0.649
  eGFR (SD), mL/min per 1.73 m^2^        75.3 (17.7)                                      72.5 (19.5)                                       0.005
  Epicardial stenosis ≧75%, n (%)        134 (19)                                         223 (21)                                          0.208
  Coronary spasm, n (%)                  356 (50)                                         499 (48)                                          0.326

Data are mean (SD), median \[IQR\], or n (%). eNOS indicates endothelial nitric oxide synthase; LDL, low‐density lipoprotein; HDL, high‐density lipoprotein; hs‐CRP, high‐sensitivity C‐reactive protein; eGFR, estimated glomerular filtration rate.

###### 

Clinical Characteristics of ACh‐Positive and ‐Negative Patients

                                               Entire Group, n=712   ACh Positive, n=356 (50%)   ACh Negative, n=356 (50%)   *P* Value
  -------------------------------------------- --------------------- --------------------------- --------------------------- -----------
  Age (SD), y                                  63.0 (10.6)           63.9 (10.2)                 62.2 (10.9)                 0.029
  Female sex, n (%)                            348 (49)              177 (50)                    171 (48)                    0.653
  Body mass index (SD), kg/m^2^                23.7 (3.2)            23.8 (3.2)                  23.6 (3.2)                  0.391
  Current smoking, n (%)                       348 (49)              173 (49)                    175 (50)                    0.823
  Diabetes mellitus, n (%)                     147 (21)              72 (20)                     75 (21)                     0.811
  Hypertension, n (%)                          264 (37)              142 (40)                    122 (34)                    0.128
  Dyslipidemia, n (%)                          272 (38)              155 (44)                    117 (33)                    0.003
  Family history of IHD, n (%)                 111 (16)              67 (19)                     44 (13)                     0.019
  Fasting blood glucose \[IQR\], mg/dL         91 \[86--101\]        92 \[86--103\]              91 \[85--100\]              0.199
  Hemoglobin A1c \[IQR\], %                    5.9 \[5.6--6.4\]      5.8 \[5.5--6.2\]            6.0 \[5.7--6.7\]            0.022
  LDL cholesterol \[IQR\], mg/dL               110 \[90--133\]       110 \[90--131\]             111 \[90--134\]             0.554
  HDL cholesterol \[IQR\], mg/dL               50 \[42--62\]         50 \[42--63\]               49 \[41--61\]               0.381
  Triglyceride \[IQR\], mg/dL                  112 \[81--155\]       109 \[80--152\]             114 \[83--157\]             0.276
  hs‐CRP \[IQR\], mg/dL                        0.06 \[0.05--0.17\]   0.06 \[0.05--0.17\]         0.07 \[0.05--0.17\]         0.171
  eGFR (SD), mL/min per 1.73 m^2^              75.3 (17.7)           74.8 (17.8)                 75.7 (17.5)                 0.554
  Epicardial stenosis ≥75%, n (%)              134 (19)              86 (24)                     48 (14)                     \<0.001
  Left ventricular ejection fraction (SD), %   72.8 (9.5)            72.0 (10.4)                 73.5 (8.6)                  0.048
  Lactate production, n (%)                    252 (35)              219 (62)                    33 (9)                      \<0.001
  *eNOS* --786T/C mutation, n (%)              126 (18)              75 (21)                     51 (14)                     0.018
  Medications after ACh‐provocation test                                                                                     
  CCB, n (%)                                   498 (70)              332 (93)                    166 (47)                    \<0.001
  ACE inhibitor, n (%)                         88 (12)               44 (12)                     44 (12)                     0.989
  ARB, n (%)                                   40 (6)                32 (9)                      8 (2)                       \<0.001
  Nitrates, n (%)                              87 (12)               64 (18)                     23 (7)                      \<0.001
  Nicorandil, n (%)                            19 (3)                17 (5)                      2 (1)                       \<0.001
  β‐Blockers, n (%)                            53 (8)                33 (9)                      20 (6)                      0.062
  Statins, n (%)                               143 (20)              99 (28)                     44 (12.4)                   \<0.001
  Aspirin, n (%)                               181 (26)              120 (34)                    61 (17)                     \<0.001

Data are mean (SD), median \[IQR\], or n (%). Ach indicates acetylcholine; IHD, ischemic heart disease; LDL, low‐density lipoprotein; HDL, high‐density lipoprotein; hs‐CRP, high‐sensitivity C‐reactive protein; eGFR, estimated glomerular filtration rate; LCA, left coronary artery; CCB, calcium channel blocker; ACE, angiotensin‐converting enzyme; ARB, angiotensin II receptor blocker; eNOS, endothelial nitric oxide synthase.

Clinical Characteristics and Predictive Factors of Lactate Production {#jah31232-sec-0013}
---------------------------------------------------------------------

Table [3](#jah31232-tbl-0003){ref-type="table-wrap"} shows the clinical characteristics of lactate production--positive (n=252, 35%) and --negative patients (n=460, 65%). Compared with lactate production--negative patients, lactate production--positive patients were more likely to be females, nonsmokers, diabetic, and spasm positive and to have --786T/C *eNOS* polymorphism (60% vs 43%, *P*\<0.001; 61% vs 45%, *P*\<0.001; 25% vs 19%, *P*=0.047; 87% vs 30%, *P*\<0.001; 23% vs 15%, *P*=0.011, respectively). Table [4](#jah31232-tbl-0004){ref-type="table-wrap"} shows the results of simple and multivariable regression analyses for lactate production by using data for all 712 patients. Simple logistic regression analysis demonstrated that female sex (odds ratio \[OR\] 2.05, 95% CI 1.50 to 2.80, *P*\<0.001), current smoking (OR 0.54, 95% CI 0.40 to 0.74, *P*\<0.001), diabetes mellitus (OR 1.46, 95% CI 1.00 to 2.11, *P*=0.048), ACh‐induced coronary spasm (OR 15.6, 95% CI 10.3 to 23.7, *P*\<0.001), and *eNOS* --786T/C mutation (OR 1.66, 95% CI 1.12 to 2.45, *P*=0.011) correlated significantly with lactate production. Because the correlation coefficient matrix indicated that sex and smoking habit showed strong correlation (¦*r*¦=0.710), we excluded smoking habit from the list of variables. Multivariable logistic regression analysis identified female sex (OR 3.01, 95% CI 2.02 to 4.47, *P*\<0.001), diabetes mellitus (OR 2.18, 95% CI 1.34 to 3.54, *P*=0.002), and ACh‐induced coronary spasm (OR 18.5, 95% CI 11.8 to 28.9, *P*\<0.001) as significant predictors of lactate production (Table [4](#jah31232-tbl-0004){ref-type="table-wrap"}). Hosmer--Lemeshow goodness‐of‐fit χ^2^ value was 8.278 with *P*=0.407. Further, we analyzed the relationship between lactate production and coronary spasm, after controlling for sex. Breslow--Day test for homogeneity of the OR χ^2^ values was 4.864 with *P*=0.027, suggesting effect modification by sex. The results of this statistical analysis confirmed the effect of female sex on lactate production.

###### 

Clinical Characteristics of Lactate Production--Positive and --Negative Patients

                                               Lactate Production Positive, n=252 (35%)   Lactate Production Negative, n=460 (65%)   *P* Value
  -------------------------------------------- ------------------------------------------ ------------------------------------------ -----------
  Age (SD), y                                  63.2 (10.3)                                62.9 (10.8)                                0.769
  Female sex, n (%)                            152 (60)                                   196 (43)                                   \<0.001
  Body mass index (SD), kg/m^2^                23.9 (3.3)                                 23.5 (3.1)                                 0.103
  Current smokers, n (%)                       99 (39)                                    294 (55)                                   \<0.001
  Diabetes mellitus, n (%)                     62 (25)                                    85 (19)                                    0.047
  Hypertension, n (%)                          362 (42)                                   289 (38)                                   0.079
  Dyslipidemia, n (%)                          104 (41)                                   168 (37)                                   0.198
  Family history of IHD, n (%)                 42 (17)                                    69 (15)                                    0.567
  Systolic blood pressure (SD), mm Hg          128.0 (19.1)                               127.7 (18.2)                               0.860
  Diastolic blood pressure (SD), mm Hg         73.1 (12.1)                                74.6 (11.0)                                0.113
  Fasting blood glucose, mg/dL \[IQR\]         93 \[85--106\]                             92 \[85--104\]                             0.074
  Hemoglobin A1c, % \[IQR\]                    5.9 \[5.5--6.3\]                           5.9 \[5.6--6.3\]                           0.962
  LDL cholesterol, mg/dL \[IQR\]               103 \[84--124\]                            112 \[90--133\]                            0.174
  HDL cholesterol, mg/dL \[IQR\]               53 \[44--65\]                              49 \[40--62\]                              0.125
  Triglyceride, mg/dL \[IQR\]                  103 \[84--124\]                            123 \[77--163\]                            0.073
  hs‐CRP, mg/dL \[IQR\]                        0.05 \[0.04--0.14\]                        0.08 \[0.05--0.19\]                        0.694
  eGFR (SD), mL/min per 1.73 m^2^              75.7 (17.9)                                75.0 (17.6)                                0.629
  Epicardial stenosis ≥75%, n (%)              53 (21)                                    81 (18)                                    0.264
  Left ventricular ejection fraction (SD), %   72.4 (10.9)                                73.0 (8.7)                                 0.468
  LCA spasm‐positive, n (%)                    219 (87)                                   137 (30)                                   \<0.001
  --786T/C *eNOS* mutation, n (%)              57 (23)                                    69 (15)                                    \<0.011
  Medications after ACh‐provocation test                                                                                             
  CCB, n (%)                                   212 (84)                                   286 (62)                                   \<0.001
  ACE inhibitor, n (%)                         35 (14)                                    53 (12)                                    0.376
  ARB, n (%)                                   24 (10)                                    16 (4)                                     0.001
  Nitrates, n (%)                              36 (14)                                    51 (11)                                    0.225
  Nicorandil, n (%)                            12 (5)                                     7 (2)                                      0.011
  β‐Blockers, n (%)                            26 (10)                                    27 (6)                                     0.033
  Statins, n (%)                               60 (24)                                    83 (18)                                    0.073
  Aspirin, n (%)                               70 (28)                                    111 (24)                                   0.308

Data are mean (SD), median \[IQR\], or n (%). IHD indicates ischemic heart disease; LDL, low‐density lipoprotein; HDL, high‐density lipoprotein; hs‐CRP, high‐sensitivity C‐reactive protein; eGFR, estimated glomerular filtration rate; LCA, left coronary artery; ACh, acetylcholine; CCB, calcium channel blocker; ACE, angiotensin‐converting enzyme; ARB, angiotensin II receptor blocker; eNOS, endothelial nitric oxide synthase.

###### 

Results of Simple and Multivariable Regression Analyses for ACh‐Induced Myocardial Lactate Production in the Study Population

                                             Simple Regression Analysis   Multivariable Regression Analysis                                 
  ------------------------------------------ ---------------------------- ----------------------------------- --------- ------ ------------ ---------
  Age                                        1.00                         0.99--1.02                          0.769                         
  Female sex                                 2.05                         1.50--2.80                          \<0.001   3.01   2.02--4.47   \<0.001
  Body mass index (≥25 kg/m^2^)              0.97                         0.69--1.36                          0.864                         
  Current smoking                            0.54                         0.40--0.74                          \<0.001                       
  Diabetes mellitus                          1.46                         1.00--2.11                          0.048     2.18   1.34--3.54   0.002
  Hypertension                               1.33                         0.97--1.82                          0.080     1.23   0.83--1.83   0.299
  Dyslipidemia                               1.23                         0.90--1.69                          0.198                         
  Family history of IHD                      1.13                         0.74--1.72                          0.567                         
  Systolic blood pressure, mm Hg             1.00                         0.99--1.01                          0.860                         
  Diastolic blood pressure, mm Hg            0.99                         0.98--1.00                          0.113                         
  Fasting blood glucose, mg/dL               1.00                         1.00--1.01                          0.559                         
  Hemoglobin A1c, %                          0.87                         0.70--1.08                          0.211                         
  LDL‐C, mg/dL                               1.00                         0.99--1.00                          0.223                         
  HDL‐C, mg/dL                               1.00                         1.00--1.01                          0.375                         
  Triglyceride, mg/dL                        1.00                         1.00--1.00                          0.457                         
  hs‐CRP, mg/dL                              1.05                         0.75--1.49                          0.766                         
  eGFR                                       0.74                         0.47--1.17                          0.194                         
  Left ventricular ejection fraction \<50%   3.16                         0.65--15.4                          0.156                         
  Epicardial stenosis ≥75%                   1.25                         0.85--1.83                          0.264                         
  Spasm‐positive                             15.6                         10.3--23.7                          \<0.001   18.5   11.8--28.9   \<0.001
  --786T/C *eNOS* mutation                   1.66                         1.12--2.45                          0.011     1.36   0.83--2.22   0.22

ACh indicates acetylcholine; IHD, ischemic heart disease; LDL‐C, low‐density lipoprotein cholesterol; HDL‐C, high‐density lipoprotein cholesterol hs‐CRP, high‐sensitivity C‐reactive protein; eGFR, estimated glomerular filtration rate; eNOS, endothelial nitric oxide synthase; OR, odds ratio.

Clinical Characteristics and Predictive Factors of Patients With Coronary Spasm With and Without Lactate Production {#jah31232-sec-0014}
-------------------------------------------------------------------------------------------------------------------

Table [5](#jah31232-tbl-0005){ref-type="table-wrap"} details the clinical characteristics of the lactate production--positive (n=219, 62%) and --negative patients with coronary spasm (n=137, 38%) (Figure [2](#jah31232-fig-0002){ref-type="fig"}). Compared with lactate production--negative spasm patients, the lactate production--positive spasm patients were more likely to be females, nonsmokers, and diabetic and to have *eNOS* --786T/C polymorphism (61% vs 31%, *P*\<0.001; 62% vs 34%, *P*\<0.001; 24% vs 14%, *P*=0.016; and 25% vs 15%, *P*=0.018, respectively). As shown in Table [6](#jah31232-tbl-0006){ref-type="table-wrap"}, simple logistic regression analysis demonstrated that female sex (OR 3.45, 95% CI 2.19 to 5.41, *P*\<0.001), current smoking (OR 0.32, 95% CI 0.21 to 0.50, *P*\<0.001), diabetes mellitus (OR 2.01, 95% CI 1.13 to 3.57, *P*=0.018), and *eNOS* --786T/C mutation (OR 1.96, 95% CI 1.12 to 3.45, *P*=0.019) correlated significantly with lactate production in patients with coronary spasm. Because the correlation coefficient matrix indicated that sex and smoking habit showed strong correlation (¦*r*¦=0.710), we excluded smoking habit from the list of variables. Multivariable logistic regression analysis identified female sex (OR 3.51, 95% CI 2.16 to 5.70, *P*\<0.001), diabetes mellitus (OR 2.53, 95% CI 1.38 to 4.65, *P*=0.003), and --786T/C *eNOS* polymorphism (OR 1.85, 95% CI 1.02 to 3.35, *P*=0.044) to correlate with lactate production in patients with coronary spasm. Hosmer--Lemeshow goodness‐of‐fit χ^2^ was 5.076 with *P*=0.651.

###### 

Clinical Characteristics of Patients With Coronary Spasm With and Without Myocardial Lactate Production

                                               Patients With Coronary Spasm   *P* Value             
  -------------------------------------------- ------------------------------ --------------------- ---------
  Age (SD), y                                  63.6 (10.2)                    64.4 (10.3)           0.505
  Female sex, n (%)                            134 (61)                       43 (31)               \<0.001
  Body mass index (SD), kg/m^2^                23.9 (3.4)                     23.6 (2.9)            0.528
  Current smoking, n (%)                       83 (38)                        90 (66)               \<0.001
  Diabetes mellitus, n (%)                     53 (24)                        19 (14)               0.016
  Hypertension, n (%)                          90 (41)                        52 (38)               0.556
  Dyslipidemia, n (%)                          94 (43)                        61 (45)               0.795
  Family history of IHD, n (%)                 39 (18)                        28 (20)               0.550
  Systolic blood pressure (SD), mm Hg          126.9 (18.4)                   125.5 (17.4)          0.460
  Diastolic blood pressure (SD), mm Hg         72.3 (12.0)                    73.8 (11.4)           0.233
  Fasting blood glucose, mg/dL \[IQR\]         94 \[86--106\]                 91 \[84--101\]        0.074
  Hemoglobin A1c, % \[IQR\]                    5.9 \[5.5--6.3\]               5.8 \[5.5--6.0\]      0.037
  LDL cholesterol, mg/dL \[IQR\]               104 \[84--125\]                108 \[92--132\]       0.568
  HDL cholesterol, mg/dL \[IQR\]               53 \[44--65\]                  52 \[40--63\]         0.238
  Triglyceride, mg/dL \[IQR\]                  101 \[77--162\]                120 \[72--157\]       0.336
  hs‐CRP, mg/dL \[IQR\]                        0.05 \[0.04--0.12\]            0.05 \[0.03--0.17\]   0.673
  eGFR (SD), mL/min per 1.73 m^2^              75.5 (18.2)                    73.8 (17.2)           0.407
  Epicardial stenosis ≥75%, n (%)              48 (22)                        38 (28)               0.212
  Left ventricular ejection fraction (SD), %   71.7 (11.4)                    72.5 (8.5)            0.486
  Diffuse spasm, n (%)                         101 (46)                       49 (36)               0.054
  Multivessel spasm, (%)                       57 (26.0)                      24 (17.5)             0.062
  --786T/C *eNOS* mutation, n (%)              55 (25.1)                      20 (14.6)             0.018
  Medications after ACh‐provocation test                                                            
  CCB, n (%)                                   200 (91)                       132 (96)              0.066
  ACE inhibitor, n (%)                         29 (13)                        15 (11)               0.555
  ARB, n (%)                                   22 (10)                        10 (7)                0.400
  Nitrates, n (%)                              34 (16)                        30 (22)               0.112
  Nicorandil, n (%)                            11 (5)                         6 (4)                 0.805
  β‐Blockers, n (%)                            22 (10)                        11 (8)                0.551
  Statins, n (%)                               57 (26)                        42 (31)               0.301
  Aspirin, n (%)                               67 (31)                        53 (39)               0.094

Data are mean (SD), median \[IQR\], or n (%). IHD indicates ischemic heart disease; LDL, low‐density lipoprotein; HDL, high‐density lipoprotein; hs‐CRP, high‐sensitivity C‐reactive protein; eGFR, estimated glomerular filtration rate; eNOS, endothelial nitric oxide synthase; ACh, acetylcholine; CCB, calcium channel blocker; ACE, angiotensin‐converting enzyme; ARB, angiotensin II receptor blocker.

###### 

Results of Simple and Multivariable Regression Analyses for ACh‐Induced Myocardial Lactate Production in Patients With Coronary Spasm

                                  Simple Regression Analysis   Multivariable Regression Analysis                                 
  ------------------------------- ---------------------------- ----------------------------------- --------- ------ ------------ ---------
  Age                             0.99                         0.97--1.01                          0.503                         
  Female sex                      3.45                         2.19--5.41                          \<0.001   3.51   2.16--5.70   \<0.001
  Body mass index (≥25 kg/m^2^)   0.89                         0.56--1.43                          0.635                         
  Current smoking                 0.32                         0.21--0.50                          \<0.001                       
  Diabetes mellitus               2.01                         1.13--3.57                          0.018     2.53   1.38--4.65   0.003
  Hypertension                    1.14                         0.74--1.77                          0.556                         
  Dyslipidemia                    0.94                         0.61--1.45                          0.795                         
  Epicardial stenosis ≥75%        0.73                         0.45--1.20                          0.213                         
  Diffuse spasm                   1.54                         0.99--2.38                          0.055     1.08   0.66--1.76   0.759
  Multivessel spasm               1.66                         0.97--2.83                          0.064     1.28   0.72--2.28   0.406
  --786T/C *eNOS* mutation        1.96                         1.12--3.45                          0.019     1.85   1.02--3.35   0.044

ACh indicates acetylcholine; eNOS, endothelial nitric oxide synthase; OR, odds ratio.

Clinical Outcome of VSA Patients Diagnosed by ACh‐Provocation Test {#jah31232-sec-0015}
------------------------------------------------------------------

During a mean follow‐up period of 47±19 months, MACEs were registered in 15 patients (cardiac death, n=0; myocardial infarction, n=3; and unstable angina, n=12). Noncardiac deaths were recorded in 10 patients. The 5‐year survival rates free from MACEs and all‐cause death were 95.8% and 97.2%, respectively. Kaplan--Meier survival curve showed no difference in 5‐year survival rates free from MACEs between lactate production--positive and --negative VSA patients (*P*=0.319 by log‐rank test).

Discussion {#jah31232-sec-0016}
==========

The present study described the clinical features, predictive factors, and long‐term prognosis of VSA patients with lactate production in a large study population. The results showed that myocardial ischemia is more likely to be provoked by ACh in female diabetics with --786T/C *eNOS* polymorphism who present with VSA. The results also showed that despite these differences, the Kaplan--Meier survival analysis showed no difference in 5‐year survival rates free from MACEs between lactate production--positive and --negative VSA patients. To the best of our knowledge, this is the first report that describes the relation between ACh‐provoked myocardial ischemia and various predictors including sex and genetic factors in a large study population.

Multivariable regression analysis identified female sex, diabetes mellitus, and spasm‐positive findings as significant predictors for lactate production by using the data from 712 patients. Actually, 87% of lactate production--positive patients exhibited ACh‐provoked coronary spasm in the left coronary artery, whereas 30% of lactate production--negative patients exhibited coronary spasm during the same test. These results suggest that lactate production could be a useful diagnostic tool for myocardial ischemia during the ACh‐provocation test. It is not clear at present why angiographically evident coronary spasm did not induce lactate production in the remaining 137 of 356 VSA patients. It is possible that methodological (eg, gap in timing of blood sampling during ACh‐provocation test) or physiopathological factors (eg, low‐grade ACh‐provoked myocardial ischemia) were responsible for the lack of increase in serum lactate levels in the coronary circulation.

The present study identified female sex, diabetes mellitus, and --786T/C *eNOS* polymorphism to correlate with lactate production in VSA patients. In this regard, we identified previously --786T/C polymorphism in the *eNOS* gene and showed that this polymorphism was strongly associated with coronary spasm.[24](#jah31232-bib-0024){ref-type="ref"} Further, the mutated --786T/C gene exhibited significant reduction in *eNOS* gene promoter activity based on luciferase reporter gene assays.[24](#jah31232-bib-0024){ref-type="ref"} In the present study, the frequency of --786T/C *eNOS* mutation was higher in the VSA group compared with the no‐spasm group (25% vs 15%, *P*=0.005, data not shown). Based on these findings, it is possible that --786T/C *eNOS* mutation could cause severe myocardial ischemia during ACh‐provocation test, resulting in high serum lactate levels during coronary spasm. However, the presence of both --786T/C *eNOS* mutation and lactate production did not affect the incidence of MACEs in VSA patients (data not shown). In this retrospective study, VSA patients with *eNOS* mutation and lactate production were treated with antianginal drugs, such as calcium channel blockers and long‐acting nitrates. Thus, one cannot rule out that such treatment reduced the cardiovascular events in those patients.

Our data could not explain why lactate production in ACh‐provocation test was more common in female than in male VSA patients. Further studies are needed to examine this phenomenon. On the other hand, diabetes mellitus is known to be one of the major coronary risk factors and is closely associated with coronary endothelial dysfunction.[29](#jah31232-bib-0029){ref-type="ref"}, [30](#jah31232-bib-0030){ref-type="ref"}, [31](#jah31232-bib-0031){ref-type="ref"}, [32](#jah31232-bib-0032){ref-type="ref"}, [33](#jah31232-bib-0033){ref-type="ref"}, [34](#jah31232-bib-0034){ref-type="ref"} Previous studies reported the presence of endothelial dysfunction and impaired NO release in both type 2 diabetes[29](#jah31232-bib-0029){ref-type="ref"}, [30](#jah31232-bib-0030){ref-type="ref"} and insulin‐dependent diabetes.[31](#jah31232-bib-0031){ref-type="ref"}, [32](#jah31232-bib-0032){ref-type="ref"} Patients with insulin resistance alone could also experience coronary endothelial dysfunction.[33](#jah31232-bib-0033){ref-type="ref"}, [34](#jah31232-bib-0034){ref-type="ref"} It is possible that in diabetic patients, impaired NO release induced by coronary endothelial dysfunction can cause coronary spasm and myocardial ischemia, as assessed by lactate production.

The present study has certain limitations. First, the number of patients was relatively small, mainly because some patients did not consent for the genetic screening test of *eNOS* gene --786T/C polymorphism. Second, we found that 33 (4.6%) unclassified IHD patients (of 712 patients) who underwent ACh‐provocation test had lactate production without epicardial coronary spasm. Further analysis to define the diagnosis, clinical features, and treatment of those patients is needed. Third, because the study was retrospective in design, we could not examine the MACE rate in ACh‐negative patients. However, follow‐up of the ACh‐negative group will be clinically important to determine the prognosis and need for any medical treatment. Fourth, the outcome analysis had low statistical power because of the small number of events recorded during the follow‐up period. A prospective multicenter study in a large study population with longer follow‐up period is needed to investigate the clinical features, predictive factors, and prognoses of VSA patients who undergo the ACh‐provocation test and measurement of lactate production.

In conclusion, myocardial lactate production in VSA patients during ACh‐provocation test was closely associated with female sex, diabetes mellitus, and --786T/C *eNOS* polymorphism, although such production had no impact on the 5‐year survival rate free from MACEs. Further large long‐term studies are needed to determine the treatment strategy for VSA patients with lactate production during ACh‐provocation test and *eNOS* gene mutation.
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